ABSTRACT A 3-D FEA technique was employed to analyze the thermal stress distribution in a carbon fibre/PPESK composite. The zone close to the free surface and to the inner zone were examined, and the parabolic failure criterion was used to predict the potential failure zone of the composite. The obtained results indicated that the maximum residual stress on the fibre surface was located at the fibre/matrix interface with the longest distance between the fibres and the maximum matrix residual stress was located at the composite inner zone with the closest distance between the fibres. The potential failure mechanism in the free-end zone was fibre/matrix interfacial debonding, while the potential failure mechanism in the inner zone was matrix cracking.
INTRODUCTION
In fibrous polymer composites, the coefficients of thermal expansion of the fibre and the matrix are usually quite different. This causes the development of thermal stresses when the composite cools down after manufacturing. The thermal stresses may become large enough to damage the composite by causing fibre/matrix de-bonding or matrix cracking [1] . Many methods have been tried to determine the thermal stress developed in composite, such as, photoelasticity, Raman spectroscopy, finite element analysis etc. Among these, finite element analysis is convenient and cost-effective. In recent years, finite element methods have been successfully applied to determine thermal stress of fibre/thermosetting composite [2] [3] [4] . However, a few of the studies have been focused on fibre/thermoplastic composites. Compared with the fibre/thermosetting composites, the fibre/thermoplastic composites have a higher manufacturing temperature (usually up to T m ), especially high-performance thermoplastics, such as, PEEK (T m =350 o C) and PPESK (T m =385 o C). As a result, thermoplastic composites possess higher internal thermal stresses than thermosetting composites. In this paper a 3-D FEA technique was employed to analyze the thermal stress distribution of carbon fibre/PPESK composites. In particular, the zone close to the free surface and the inner zone were analyzed, and the parabolic failure criterion was used to predict the potential failure zone of the composite.
EXPERIMENTS Materials
The T700sc (Toray, Japan) were used. The matrix was the poly (phthal azione ether sulfone 
The parabolic failure criterion is mainly used to predict yielding and failure of the matrix under tri-axial stress state. The parabolic failure criterion, which was mathematically expressed by Tschoegl [2, 3, 4] , is considered to be the most adaptable for describing the failure behaviour of polymer . The octahedral normal and shear stresses s o and t o define a failure surface parabolically:
ketone) (Dalian Polymer new material CO. Ltd), with characteristic viscosity, h, of 0.35 and glass transition temperature, T g , of 286 o C [5] [6] [7] [8] . The chemical structure of the resin is shown in Fig.1 . The material properties are listed in Table 1 .
Simulation model The numerical calculations are carried out using ANSYS finite element analysis system. The FE models are schematically shown in Fig. 3) .
The 3-D modelling provides the possibility of investigating various stress components both at the free surface (the end zone) and in the inside of the composite (the inner zone). Considering a symmetric geometry of the array, the stress distribution around a fibre can be described completely using a 30 o cell [1] . The composite thermal stresses distribution on fibre surface and in the matrix are indicated by the Von Mises stress defined as:
s o is Octahedral normal stress; t o is Octahedral shear stress; s 1 , s 2 and s 3 are the principal stresses.
The two constants a 1 and a 2 can be determined using the two average value of tensile strength (93 MPa) and shear strength (53.7 MPa); the parameters a 1 and a 2 for PPESK are 2883.7 and 31.0, respectively. Table 1 : Material property for the micro composite models [2, 9, 10, 11, 12] . at the fibre surface with the longest distance between the fibres. In contrast, the potential failure in the inner zone is located in the matrix with the closest distance between the two fibres.
Failure analysis
The composite potential failure zones are characterized by the parabolic failure criterion in Fig.6 and Fig.7 . The points in the figures are reflecting the octahedral normal and shear stress components of the elements on fibre surface and in the matrix. In the end zone ( Fig.6 (a) ), the octahedral shear stress on fibre surface has exceeded the parabolic failure curve in the normal direction; as a result, interfacial de-bonding is detected. In the inner zone ( Fig.7 (b) ), although the values of thermal stress in the matrix have not exceeded the parabolic failure curve, the stress may be large enough to initiate micro cracking and reduce the mechanical performance of the composite.
CONCLUSIONS
The results of 3-D finite element analysis presented here indicated that the thermal stresses distribution in different parts of the composite are significantly different. In composite free-end zone, the maximum thermal stress was located at the fibre surface with the longest distance between the two fibres; in the 3. RESULTS 3.1 Stress distribution on fibre surface Fig.4 shows the thermal stress distribution on fibre surface. From Fig.4 we can see that the thermal stress at the composite free-end zone is as high as 100 MPa and decays considerably when moving away from the free end, reaching a constant value of about 15 MPa in the inner zone. A further analysis of the stresses distribution in the end zone and the inner zone, is also undertaken.
2 Stress distribution in composite inner zone and the end zone
The analysis of the 3-D model shows that the stress distribution in the end zone is substantially different from the stress in the inner zone. In the end zone ( Fig.5 (a) ), the residual stress on fibre surface is higher than the stress in the matrix, the maximum thermal stress on fibre surface is located at a=0 o , which is the angle of the longest distance between the two fibres, and the minimum thermal stress is located at a=30 o , which is the closest distance between the two fibres. However, in the inner zone (Fig.5 (b) ), the stress in the matrix is higher than the stress on fibre surface, the maximum thermal stress in matrix is located at a=30 o . It can be concluded from the analysis above that: the potential failure zone in the end zone is located inner zone, the maximum thermal stress was located in the matrix with the closest distance between the two fibres. The potential failure mechanism in composite free end zone is interfacial de-bonding, while the potential failure mechanism in the inner zone is matrix cracking.
